Lycorine and galanthamine have various biological activities. A reliable HPLC method coupled with DAD detection was developed and validated for the determination of galanthamine and lycorine in Galanthus trojanus and G. cilicicus. A simple method for the extraction of the alkaloids in low-mass plant samples was employed utilizing columns pre-packed with diatomaceous earth (Extrelut®). This method was applied to the aerial parts and bulbs of G. trojanus and G. cilicicus (Amaryllidaceae) collected during the flowering season. The chromatographic separation was performed using an isocratic system with a mobile phase of trifluoroacetic acid-water-acetonitrile (0.01:92.5:7.5) applied at a flow rate of 1 mL min -1 and using a diode array detector. Validation procedures showed that the method was specific, accurate and precise. The highest amount of lycorine (0.012 %) was detected in the bulbs of G. trojanus collected from Çan (Çanakkale), whereas the aerial parts of this species collected from Bayramiç (Çanakkale) was not found to contain this alkaloid. In G. cilicicus samples, lycorine was only determined in the bulbs, giving yields of 0.004 %; galanthamine yields were between 0.015-0.016 %, but none of the G. trojanus samples contained this latter alkaloid.
Galanthus L. species (Amaryllidaceae) are known to produce Amaryllidaceae alkaloids with diverse structures and interesting biological activities [1a] . Twelve species (14 taxa) and 1 hybrid of Galanthus grow naturally in Turkey [1b] . Of these, G. trojanus A.P. Davis & N. Özhatay, previously named as G. nivalis L. subsp. cilicicus (Baker) Gottlieb-Tannenhain [2] , is an endemic plant which occurs in north-western Turkey [3a] . G. cilicicus, a rare species, is distributed in southern Turkey [3b] .
Lycorine, a common alkaloid in Amaryllidaceae species, has been proven to have diverse biological activities [4] . Galanthamine, the most important alkaloid found in Amaryllidaceae plants, is used for the treatment of mild to moderate Alzheimer's disease [5] . A relevant literature search revealed that different analytical methods have been used for the qualitative and quantitative determination of lycorine and galanthamine in members of the Amaryllidaceae family [6] . Mostly, HPLC methods with reverse mobile phases have been reported for the quantitative determination of these alkaloids.
In the present study, simultaneous determination of lycorine and galanthamine in two Galanthus species of Turkish origin has been carried out by a simple isocratic HPLC method. The method was validated according to the ICH guidelines [7] . UV spectra acquired with the diode-array detector were used for the evaluation of peak purities of galanthamine and lycorine. The calibration functions for each of the two standards were investigated by injecting five different concentrations of reference solutions, in triplicate. The calibration plots for galanthamine and lycorine were linear within the ranges of 2.5 to 20 μg mL −1 and 1.0 to 10 μg mL −1 , respectively. The regression equation for galanthamine was y=10.1354031x-0.5465348 (r 2 =0.999), whereas for lycorine it was calculated as y=13.2828995x + 0.4488635 (r 2 = 0.999). For galanthamine and lycorine, the LOD (signal/noise ratio of 3:1) values were determined as 0.05 and 0.12 µg/mL -1 and LOQ (signal/noise ratio of 10:1) values were found as 0.17 and 0.40 µg/ mL -1 , respectively. Precision was assessed at five levels in intra-day and inter-day studies. Intra-day precision was evaluated by triplicate injections of standard solutions of galanthamine and lycorine with different concentrations on the same day. Inter-day precision was checked by repeating the studies on different days. When analysis of galanthamine and lycorine was performed at five different concentrations, no significant intra-day and inter-day variation was observed. RSD was always less than 3 % (Table 1 ). The accuracy of the method was validated by standard addition analysis. Pre-anayzed samples were spiked with 3.75, 7.50, 15.00 µg/mL -1 galanthamine and 2.25, 4.50, 9.00 µg/mL -1 lycorine standards and the mixtures were analysed by the proposed method. The experiment was conducted three times ( Table 2 ). The validated HPLC-DAD method was applied for the quantification of galanthamine and lycorine in the extracts prepared from the bulbs and aerial parts of G. trojanus and G. cilicicus collected during the flowering period (Table 3) . Previously, we have investigated G. trojanus samples collected from Bayramic, Canakkale for their contents of lycorine; the maximum content was 0.004 [6d]. In the present study, the plant was recollected and the maximum lycorine content was determined as 0.009 %. Several factors may cause the difference observed. Firstly, the method employed in this study is more specific than the previous method. Moreover, the content of lycorine may change in the plant material due to several factors such as vegetation period and collection time.
Although none of the G. trojanus specimens contained galanthamine, interestingly, the bulbs and aerial parts of G. cilicicus were found to possess this alkaloid (Table 3. ). To the best of our knowledge, this is the first report on the chemical content of G. cilicicus, a rare species distributed in southern Turkey. Similar to G. cilicicus, galanthamine and lycorine have been simultaneously determined in specimens of G. woronowii Losinsk. during the course of our ongoing HPLC-DAD analysis of Turkish Galanthus species [8] . In conclusion, the method used in this study is a simple, rapid, efficient and reliable method for the HPLC determination of lycorine and galanthamine in plant extracts of Amaryllidaceae species. HPLC: HPLC analysis was carried out using a liquid chromatographic system (Agilent 1100 series), equipped with a quaternary pump, vacuum degasser, a thermostated column compartment, a manual injector with a 20 μL loop (Rheodyne 7725i) and a DAD (Agilent 1200 series). The chromatographic assay was performed on a Hichrom C18 column (5 μm, 250 mm, 4.6 mm) at 290 nm. The analysis was carried out at 25°C. The mobile phase was made up of TFA-water-acetonitrile (0.01:92.5:7.5) applied at a flow rate of 1 mL min -1 [6h]. Data analysis was performed with Agilent Chem Station software.
Experimental

Preparation of sample solution:
The extraction procedure for lycorine was carried out, with some modifications, using a previously used method [6g]. Powdered plant material (200 mg) was macerated with 5 mL of 2% hydrochloric acid for 5 h in an ultrasonic bath at 40°C. The extract was then basified with 1 mL of 26% ammonia solution and the volume adjusted to 10 mL in a volumetric flask with distilled water. Then, it was centrifuged at 5000 rpm for 10 min and aliquots of 3.0 mL were applied to the Extrelut® columns. After 10 min, the alkaloids were eluted with 5 mL (x 3) chloroform. The organic solvent was distilled in vacuo to furnish the alkaloidal extract. This was then dissolved in 1 mL 0.1% TFA, filtered using a 0.45 μm filter (Alltech, Carnforth), and injected (20 μL) into the HPLC column. The chromatographic run time was 45 min.
Preparation of the standard solutions:
Stock standard solutions (0.5 mg mL -1 ) of lycorine (external standard) were prepared by dissolving 5 mg in 10 mL 0.1% TFA. An aliquot of 1 mL of this solution was diluted to 50 mL with 0.1 % TFA (10 µg/mL -1 ). Stock standard solutions (0.5 mg mL -1 ) of galanthamine (external standard) were prepared by dissolving 5 mg in 10 mL 0.1% TFA. An aliquot of 1 mL of this solution was diluted to 25 mL with 0.1% TFA (20 µg/mL -1 ).
